We present a correlation between radio and broad-line emission for a sample of radioloud quasars, which is in favour of a close link between the accretion processes and the relativistic jets. The BL Lac objects seem to follow the statistical behaviour of the quasars, but with fainter broad-line emission.
INTRODUCTION
The relation between the jets and the accretion processes in the central 'engine' is a crucial ingredient in our understanding of the physics of active galactic nuclei (AGN). In some theoretical models of the formation of the jet, the power is generated through accretion and then extracted from the disc/black hole rotational energy and converted into the kinetic power of the jet (Blandford & Znajek; Blandford & Payne 1982) . Recently, the concept of jet-disc symbiosis was introduced and the inhomogeneous jet model plus mass and energy conservation in the jet-disc system was applied to study the relation between disc and jet luminosities Falcke, Malkan & Biermann 1995; Falcke & Biermann 1998 ). An effective approach to study the link between these two phenomena is to explore the relationship between luminosity in line emission and kinetic power of jets in different scales (Rawlings & Saunders 1991; Celotti, Padovani & Ghisellini 1997; Cao & Jiang 1998) . Rawlings & Saunders (1991) derived the total jet kinetic power Qjet and found a correlation between Qjet and the narrow line luminosity LNLR. There are some indications that the narrow-line emission could be partly caused by the power supplied by the jet (Lacy & Rawlings 1994; Capetti et al. 1996) . Celotti, Padovani & Ghisellini (1997) considered the luminosity in broad emission lines and explored its relation with kinetic power for a sample of radio-loud objects. They also found evidence for a link between jets and discs. The kinetic power of jets can be estimated by using radio data on very long-baseline interferometry (VLBI) scales and the standard synchrotron self-Compton theory (Celotti & Fabian 1993) , or in a similar way based on Königl's inhomogeneous jet model (Cao & Jiang 1998) . The kinetic power of the jet can be estimated in this way only for a small fraction of quasars due to the lack of the necessary observational data for many sources. Serjeant et al. (1998) found a significant correlation between radio and optical emission for a sample of steep-spectrum quasars, which presents direct evidence for a close link between accretion on to black holes and the fuelling of relativistic jets. Their sample is limited to steep-spectrum quasars to reduce the effects of relativistic beaming for optical continuum.
The luminosity in the broad-line region can be taken as an indicator of accretion power of the source (Celotti, Padovani & Ghisellini 1997) , and the radio luminosity is believed to be a straightforward indicator of jet power (Serjeant et al. 1998) . In this paper we present a correlation between radio and broad-line emission for a sample of radio-loud quasars. The sample and the estimate of total broad-line flux are described in Sect. 2. Section 3 contains the results. The last section is devoted to discussion. The cosmological parameters H0 = 50 km s −1 Mpc −1 and q0 =0.5 have been adopted in this work.
THE SAMPLE
The 1 Jy catalogue is an all-sky survey covering 9.81 sr with a flux density limit of S5GHz ≥ 1 Jy lying outside the galactic plane (|b| ≥ 10 • ) (Kühr et al. 1981b ). Optical counterparts have been found for 97 % of the radio sources in 1 Jy catalogue (Stickel, Meisenheimer & Kühr 1994) . The S4 survey covers the region between 35
• ≤ δ ≤ 70
• with S5GHz ≥ 0.5 Jy (PaulinyToth et al. 1978) , while the S5 survey contains the sources with S5GHz ≥ 0.25 Jy in the region δ ≥ 70
• (Kühr et al. 1981a ). For the S4 catalogue, about 90 % of the radio sources have known optical counterparts , while about 75 % of the sources have optical counterparts in S5 catalogue (Stickel & Kühr 1996a) . In this work, we only consider the quasars and BL Lac objects in the 1 Jy, S4 and S5 radio source catalogues (all sources identified as galaxies have not been considered here). Combining these three catalogues, we find 378 sources with available redshifts including 358 quasars and 20 BL Lac objects (only those identified as BL/QSO). Complete information on the line spectra is available for very few sources in our sample, since different lines are observed for the sources at different redshifts. We have to estimate the total broad-line flux from the available observational data. There is not a solidly established procedure to derive the total broad-line flux and we therefore adopt the method proposed by Celotti, Padovani & Ghisellini (1997) . The following lines: Lyα, C iv, Mg ii, Hγ, Hβ, and Hα, which contribute the major parts in the total broad-line emissions, are used in our estimate. We use the line ratios reported by Francis et al. (1991) and add the contribution from line Hα to derive the total broad-line flux (see Celotti, Padovani & Ghisellini 1997 for details) . We then search the literature to collect data on broad-line fluxes. We only consider values of line fluxes (or luminosities) given directly or the equivalent width and the continuum flux at the corresponding line frequency which are reported together in the literatures (slightly different from Celotti, Padovani & Ghisellini (1997) ). When more than one value of the same line flux was found in the literature, we take the most recent reference. This finally leads to a sample of 198 sources, consisting of 184 quasars and 14 BL Lac objects. Our sample covers more than 50 % of the 378 sources in the starting samples. The radio data in the sample are taken from some related references (Stickel & Kühr 1996a , 1996b Stickel, Meisenheimer & Kühr 1994 ). The radio data and broad-line fluxes are listed in Table 1 . 
RESULTS
We present the radio luminosity at 5 GHz and the total broad-line luminosity as functions of redshift z for our sample in Figs. 1 and 2 respectively. The radio luminosity has been K-corrected, and the low flux limit is indicated by the dashed line in Fig. 1 assuming the spectral index α = 0. We note that our sample provide wide dispersion in both the radio and broad-line luminosities at any redshift z >0.3. Figure 3 shows the correlation between radio flux νfν5G at 5 GHz (K-corrected) and the total broad-line flux f line . We test the radio flux and the total broad-line flux against each other and find that the distribution of the radio flux is significantly different from that of the total broad-line flux (99.98 per cent confidence by Kolmogorov-Smirnov test). We find the radio and the total broad-line fluxes are significantly correlated for quasars in the sample (≫99.99 per cent confidence using Spearman's correlation coefficient ρ). The result is same for the whole sample (we exclude the source 1226+023 in the analyses). The BL Lac objects seem to follow the similar statistical behaviour of the quasars, but with relatively lower broad-line fluxes (see Fig.  3 ). Fig. 4 shows strong correlation between the radio and broad-line luminosities. We also performed analyses on a subsample in the restricted redshift range: 0.5 < z < 1.5. A correlation between the radio and broad-line fluxes is found at 99.93 per cent, while the correlation between luminosities is at 99.7 per cent.
There are 32 steep-spectrum quasars with radio spectral index α11−6 ≤ −0.7 in our sample(marked by squares in figures). The sample without these steep-spectrum quasars is similar to those for the whole sample. No significant correlation is found for this steep-spectrum quasar subsample between fluxes, while a weak correlation is found between luminosities. However, we have not found obvious different behaviours between the steep-spectrum quasars and the remains of the sample, though detailed comparisons are not possible due to the small number of steep-spectrum quasars.
DISCUSSION
The radio emission for steep-spectrum quasars is believed to be unbeamed emission from the lobes. The dominant influence on the radio luminosity is Qjet, and not the large-scale radio source environment (Serjeant et al. 1998) , though Qjet also depends on the gaseous environment of the radio source (Ellingson et al. 1991; Rawlings & Saunders 1991) . Therefore the radio emission can be a measure of the bulk power in the jets Qjet (Serjeant et al. 1998) . The optical continuum is a good indicator of the disc surrounding a black hole for the steep-spectrum quasars, since relativistic beaming does not affect the optical continuum in these sources. Thus, the radio-optical correlation gives evidence of a disc-jet link (Serjeant et al. 1998) .
The optical radiation may be enhanced by relativistically beamed synchrotron radiation for some flat-spectrum quasars, (2): classification of the source. Column (3): redshift. Column (4): estimated total broad-line flux (erg s −1 cm −2 ). Column (5): lines from which the total f line has been estimated. Column (6): references for the line fluxes. Column (7): radio flux density at 5 GHz. Column (8): two-point spectral index between 6−11 cm.
References: B81: Baldwin et al. (1981) . B89: Baldwin et al. (1989) . B94: Baker et al. (1994) . BK84: Bergeron & Kunth (1984) . C91: Corbin (1991) . CF94: Corbin & Francis (1994) . d94: di Serego Alighieri et al. (1994) . E89: Espey et al. (1989) . F83: Fricke et al. (1983) . GW94: Gelderman & Whittle (1994) . H78: Hunstead et al. (1978) . JB91: Jackson & Browne (1991) . K85: Kinney et al. (1985) . L96: Lawrence et al. (1996) . M96: Marziani et al. (1996) . N79: Neugebauer et al. (1979) . O94: Osmer et al. (1994) . O84: Oke et al. (1984) . P89: Perez et al. (1989) . R84: Rudy (1984) . RS80: Richstone & Schmidt 1980 . S81: Steiner (1981 . S89: Stickel et al. (1989) . S93a: Stickel et al. (1993a) . S93b: Stickel et al. (1993b) . SJ85: Stiko & Junkkarinen (1985) . SK93a: Stickel & Kühr (1993a) . SK93b: Stickel & Kühr (1993b) . SM87: Stockton & MacKenty (1987) . SS80: Smith & Spinrad (1980) . T93: Tadhunter et al. (1993) . V95: Vermeulen et al. (1995) . W84: Wampler et al. (1984) . W85: Wills et al. (1985) . W95: Wills et al. (1995) . W98: Wang et al. (1998) . WM96: Warren & Moller (1996) .
which prevent us from using the optical continuum as an indicator of the disc. The broad-line region is photoionized by a nuclear source (probably radiation from the disc), so the broad-line emission instead of the optical continuum can be used as an indictor of the accretion power for both steep and flat-spectrum quasars (Celotti, Padovani & Ghisellini 1997 ). The Qjet is proportional to the bulk Lorentz factor of the jet, and can be estimated if the size of the jet and density of the electrons in the jet are available (Celotti & Fabian 1993) . The radio emission for flat-spectrum quasars is beamed and is thought to be mainly from the core of the jet. The Doppler factor of the jet is the dominant influence on the observed radio luminosity. The radio luminosity is also determined by the size of the jet, the electron density, and the magnetic energy density in the jet. The Doppler factor depends on both the values of Lorentz factor and viewing angle of the jet. The viewing angle of the jet for flat-spectrum quasar is believed to be smaller that that of steep-spectrum quasar. The radio luminosity of flat-spectrum quasars can be naturally linked to the jet power, though some uncertainties are induced mainly by the unknown viewing angle. Part of the scatter in the radio and broad-line emission correlations can be attributed to the uncertainty of viewing angle for flat-spectrum quasars. The radio luminosity seems to be a good indicator for the jet in both steep or flat-spectrum quasars, but in different ways. The correlation found in this work between radio and broad-line emission suggests a close link between formation of the jets and accretion on to the central black hole. Another possible interpretation of the correlation is that the broad-line region is photoionized by the relativistic beamed radiation from the jets. However, the similarity of the broad-line component in radio-quiet and radio-loud sources and no systematically larger equivalent widths for lines in steep-spectrum quasars than that in flat-spectrum quasars are found (Celotti, Padovani & Ghisellini 1997; Ghisellini 1998) , which seems to rule out this possibility. The present radio and broad-line correlation gives a new evidence for a close link between the jets and discs, though how the disc and jet is coupled is still not clear.
